A number of canonically conjugate variables appear in mechanics, like co-ordinatemomentum and time-energy. The fact that, they are related through Fourier transform, restricts their measurement accuracies. For example, it is well-known from the theory of Fourier transform that, ∆ . ∆~1, where the Fourier transform of a function ( ) of the co-ordinate variable is related to its Fourier counterpart ( ) in the form, . It is then natural to ask, if such states exist for which it is possible to measure variation in (or ), which is less than ∆ (or ∆ ). In Fourier transform, this is known as sub-Fourier sensitivity and has been experimentally demonstrated recently, through appropriate combination of laser beams [1] . In the quantum domain, it was demonstrated by Zurek [2] , that the above can be achieved through special states like cat and compass states. These states are superposition of familiar Gaussian states and hence the reason behind this sensitivity can be appreciated without tedious effort. The following problem illustrates this, in a step by step process. − − 2 /2 is an Eigen state of a. It is worth noting that < | > is known as the coherent state in literature, which describes laser. A discerning reader will recognize that modulo constant factors, a is the annihilation operator of the harmonic oscillator problem. We note that the third term is completely real as compared to the first two terms in the integral.
Q1) Show that the displaced Gaussian function
Adding the results leads to, = 2 We also note that the first two terms in the above result lead to an oscillatory factorcos ( ), where as the third term led to Gaussian factor − 2 /2 2 . It can be easily seen that the above expression vanishes when cos = − − 2 /2 2 . At these points and are orthogonal and hence can be distinguished from each other. We would like to emphasize that only orthogonal states can be perfectly distinguished from each other. This indicates that through the above interferometric arrangement a shift in can be determined. This was first suggested by Zurek [2] and has been experimentally verified by Praxmeyer et al. [1] , in a laser set up. .
We now similarly calculate Δ = ℏΔ .
Here is the momentum operator, given by = ℏ .
< > = * ℏ ∞ −∞
